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STRENGTH TESTS ON THIN-WALLED DURALUMIN CYLIKNDERS
IN TORSION

By Eugene E. Lundquist
SUMMARY

This report is the first of a series presenting the
results of strength tests on thin-walled cylinders and
truncated cones of circular and elliptical section; it
comprises the results obtained to date from torsion (pure
shear) tests on 65 thin-walled duralumin cylinders of cir-
cular section with ends clamped to rigid dbulkheads., The
effect of variations in the length/radius and radius/thiclk-
ness ratios on the type of failure is indicated, and a
semi-empirical equation for the shearing stress at maximum
load is given.

INTRODUCTION

A survey made about a year ago of the available in-
formation and the methods employed in the design of
stressed-skin structures for aircrafit revealed that the de-
sign of structures of this type is based largely upon the
results of experience and data obtained either from tests
on structures similar to the one under congideration or
from tests on the particular structure under consideration,
A study of the existing reports of static tests upon mon-
ocoque fuselages and stressed-skin wings resulted in the
conclusion that very little reliable informatiorn of a funda-
mental character concerning allowable stresses counld be ob-
tained from full-scale tests already made because no men-
tion was made of the properties of the material and be-
cause failure of the structure as a whole was caused by a
variety of different types of failure in the s¥in, rein-
forcement, and connections. Conseguently, the National
Advisory Committee for Aeronautics, in cooperation with
the Army Air Corps, KNavy Bureau of Aeronauvtics, and the Bu-
reau of Standards, Department of Commerce, has outlined a
research program to investigate stressed-skin structures
for aircraft.
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As a part of this research program an extensive series
of tests or thin-walled duralumin cylinders and truncated
cones of circular and elliptical section is being made at
TLangley Field, Va. In these tests, the absolute and rela-
tive dimensions of the specimens are being varied to study
the types of failure and to establish useful quantitative
data in the following loading conditions: torsion, com-
pression, bending, and combined loading.

This report is the first of a series presenting the
results of these tests; it comprises the data obtalned in
the torsion (pure shear) tests on thin-walled duralumin
cylinders. Although the tests have not as yet been com-
pleted, it was thought advisable to publish the results
thus far obtained,

MATERIAL

The duralumin (Al. Co. of Am, 17ST) used in these
tests was obtained from the manufacturer in sheet form in
thicknesses ranging from 0.,0105 to 0.0228 inch. The prop-
erties of the material as determined by the Bureau of Stand-
ards from specimens selected at random are given in Table
I, Typical stress-strain curves taken longitudinally and
transversely to the ditection of rolling are given in Fig-
ures 1 and 2.

Upon reference to the above-mentioned table and fig-
_ures it will be observed that the modulus of elasticity is
substantially the same in the two directions of the sheet
but that the ultimate strength and yield point are consid-
erably lower transversely to the direction of rolling than
jongitudinally. HovVeover, as all the cylinders tested
failed at stresses considerably below the yield-point
stress, the difference in the strength properties in the
two directions has no bearing on the results,

SPECIMENS

The test specimens consisted of right circular cylin-
ders of 7.5 and 15,0 inch radius with lengths ranging from
2,25 to 45.0 inches, which were constructed in the follow-
ing manner, First, a juralumin sheet was cut to the di-
mensions of the developed surface, The sheet was then
wrapped about and clamped to the end bulkheads. (See figs.
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3, 4, and 6,) With the cylinder thus assembled, a buit
strap 1 inch wide and of the same thickness as the sheet
was fitted, drilled, and bolted in place to close t:e
seam. In the assembly of the specimen, care was taken to
avoid having either "soft spots” or wrinkles in the walls
when finally constructed

The end bulkheads, to which the loads were apnlied
were each constructed of two steel nlales one-fourth in
thick separated by 14 inches of plywood core. Thess pertq
were bolted together and turned to the specified -outsids
diameter. Steel bands approximately one-fourth inch thick
‘were used to clamp the duralumin sheet to the dbulkheads,
'These bands were bored to the same diametor as thé dulk-
heads,

APPARATUS AND METHOD

The thickness of each sheet was measured to an esti-
mated precision of 10,0003 inch at a large number of sta-
tions by means of a dial gauge mounted in a special jig.
The average thicknesses of the sheelts were used in all
calculations of radius/thickness ratio and stress,

A photcgraph of the loading apparatus used in the
torsion tests is shown in Figure 3. The load from the
Jack was applied through a thrust bearirnz to a roke., 3By
mneans of a flexible cable that passed over 2 series of 7ml-
leys, half of the load was transmitted to one end of the
lower horizontal beam as an up load and the other half was
transmitted tharcough the rectangular frame to the o%l.3r end
of the same bPeam as a down load. In this rmanner torgue,
unaccompaniel by transverse shear, was zpplied to the snec-
imen. A shear load on the cylinder caused by the weight
of the apparatus, including the forward dbulkhead and bznd,
was balanced by a counterweight as shown in Figure 3.

In order to determine the possidle errors caused by
friction ixn the Jjoints of the frame, 2 specisl test was
made in which thu moment applied to the loTer boam Was
measured directiy and compared with the moment calculated
from the force applied by the jack., These two moments
were found to agree within 1 per cent throughout the range
of moments applied. '

Loads were applied by the jack in increments of about
1 per cent of the estimated load at failure, except after
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the first few tests had been made when the first increment
of load was about half the estimatod load at first wrinkle.
At first wrinkling one or more diagonal wrinkles began to
farm and grew steadily in size and number until failure
occurred by a sudden increase in defornation and the for-
mation of wrinkles in the complete circumfercnce. (Szae
fig. 4,) In all tho tests 5 to 10 minutos elapsed from

the timo that load was first applied to the specimen until
failure occurred, : ) -

For thie very short specimens (length/radius ratios of
0.5 or less) deformation following failure was accompanicd
by an increase in load, wheroas for all other specimens
doformation following fallurc Was accompanied by & decrense
in 1oad. (See fig. 5.) In order to insurc that the. record-
ad loads at failure for the short specimens were corroct,
two dial gauges were uscd to neasure the twist of the cyl-
indor botween bulkhcads (fig, 6) and tho load at which a
sudden increase in deformation occurred, as detormined
from a load deformation curve, Was racorded as the load ot
failure.

DISCUSSI ON OF RESULTS

The strength of thin-walled circular tubes subjected
to torsion has been treated theoretically in references 1
and 2. In reference 1 equations are given from which it
is possible to calculate the critical stress but the compu-
tations are tedious and involved and have been made only -
for radius/thickness ratios far below those usunally en-
countered in stressed-skin structures for aircraft. In-
roference 2 relatively simple equations aro given for the
critical stress but these could not be checked by the ro-
sults heroin reported, Consequently, no consideration is
given to the correlation of the experimental results with
theory in this report. However, when the general investi-
gation of the strength of thin-walled cylinders is com-
pleted this correlation will be attempted.

The results shown in Flgures 7, 8, and 9 are self~
oxplanatory. They show that for geometrically similar
cylinders, the number of shear wrinkles, the angle betwoen
the wrinkles and the cylinder olements when the wrinkles
start to form, and the shearing strass at fallurs, are
constant, For any given value of the radius/thickness ra-
tio, the number of shear wrinkles, the angle between the
wrinkles and the cylinder cloments when the wrinkles start
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to form, and the shearing stress at failure all decrease
with increase in the length/radius ratio. For any given

value of the 1ength/radius ratio, the number of shear wrin-
kles increases with increase in the radiuﬂ/thlckness ratio,
but the anglc between the wrinkles and the cylinder ele-
ments when the wrinkles start to form and the shearing
stress at fallure both decrecaso,

As first wrinkling occurred in many of the specimens
before fuilure, shearing stress at first wrinkle as a per-
centage of shearing stress at failure has been Plotted .
agalnst the length/radius ratio in Figure 10, It will bve
noted that the points scatter widely but show a general
tendency for first wrinkle to occur at a lower percentage
of stress at fallure for the thinner sheets than for the
thiicker sheects. This fact is attributed .to the presence
of waves and dents in the thinner sheets which caused tho
cylinders constructed from this materiQI to be, relatively
speaking, less perfcecct than cylinders constructed from’ the
tnlcker material.

As the cexperimental points for shearing stress at
failure in Figure 9 plot along smooth curves irrospectivo
of the wide scattering of the .points for stress at first
wrinkle in Figure 10, it is concluded that the presence
of first wrinkling did not reduce the strength at failure
to any appreciable extent.

An examination of the data plotted in Figure 9 indi-
cated that the shearing stress at failure could be given
very closely by an equation of the general form

K
8 = et (1)
s ‘T n ‘
\t
where, for a given material, n 1is a constant and X 1is

a function of the length/radius ratio of the cylinder. In
this equation X has the dimensions of a stress, As the-
oretical calculations always show that the stress at which
elastic instability occurs varies directly with E, the
modulus 6f elasticity, equation (1) will be written in the
following form: . :

Ss = ”.\‘-ﬁ i :'- "L'F ’ T . (2)
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where Kg 1is a‘noqdimensionalvconstant. In all the cal-
culations for the evaluation of Kg and n the secant -
modulus for Sg, the stress at failure, is substituted
for E. : T -

The numerical value of n 1s established by the neg-
ative slope of stralght lines on the logarithmic plot of
Sg/E against r/t in Figure 11. Actually, the value of
n ie not constant but varies somewhat with 1ength/radius
ratio., TFor the purpose of this report, however, an aver-
ago value of 1,35 was used,

Values of Kg for n = 1.35 have been calculated
for each test and plotted in Figure 12. In this figure
the greatest dispersion of the points occurs at a length/
radius ratio of 1.0 for the 7.5~-inch-radius cylinders with
radius/thickness ratios between 630 and 700, Consequent-
1y, the dispersion of all other points may be considercd
to be within the experimental error.

Strictly speaking, equation (2) with the values of n
and K4 derived from these tests applies only to duralu-
min cylinders for the range of lengths, radii, and thick-
nesses tested. It is now planned to extend the tests upon
duralumin cylinders and also to make a few tosts upon steecl
cylinders in order to goneralizo the conclusions or to make
such modifications to them as may be neccessary, particu-
larly at low values of the length/radius ratio,

CONCLUSIOKS

1. For geometrically similar cylinders, the number of
shear wrinkles, the angle between tnhe wrinkles and the cyl-
inder elements when the wrinkles start to form, and the
shearing stress at fallure, are constant,

2., For any glven value of the radius/thickness ratio,
the number of shear wrinkles, the angle botween the wrin-
Xles and the cylindor clements when the wrinkles start to
form, and the shearing siress at failure all decrecase Wwith
increase in the length/radius ratio.

%3, For any given value of the length/radius ratio, the
number of shear wrinkles increases with increase in the
radius/thickness ratio, but the angle bdetwcon the wrinkles
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and the cylinder elements when the wrinkles start to form
and the shearing stress at failure both decrease,

4, The presence of slight imperfections in the cylin-
der may cause wrinkling to occur at loads considerably be-
low the load at failure, but these imperfections apparent-
1y do not reduce the strength at failure to any apprecia-
ble extent,

5., The shearing stress at failure for thin-walled du-
ralumin cylinders may be given very closely by an equation
of the form

where n 1is a constant and Kg varies with the lengthn/
radius ratio, l/r. As a'tentative value, n mnay be as-
sumed equal to 1.35. Values of Xg corresponding to this
value of n are given by the faired curve in Figure 12 or
by the following table:

1/r 0,2 0.25 0,3 0.4 0.5 0,75

1.0 1.5 2.0 3.0 4,0 5.0

Kq 3,3 2.75 2.,45 2,02 1.78 1.45

1.27 1.086 .94 .78 .68 .61

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., July 25, 1932,

‘REFERENCES

1., Schwerin, E,: Die Torsions - Stabilitflt des Dunawand -
igen Rohes. 2Z.f.a.l.ii., Yol. V, No. 3, »D. 235-243,
incl, June, 1925,

2, Sezawa, Katsutada, and Eubo, Kei: The Buckling of a
Cylindrical Shell under Torsion. ‘Report No. 75,
dero. Research Inst., Tokyo Imperial Univ., Dec.,
1931,



427

Yo,

Technieal Note

I'IQAQC.A-'

- _ | _
000°040°0T 000*0T¥% ‘0T G°81 006°LS “ 00% ‘19 V89 | ¢
000° 09001 000°0TT 0T G*8T 0S0°6% 00% ‘19 Vo | ¢
000°08g° 0T 000°08s 0T 0° 6T 0GL 6% 0SS 19 Yop | ¢
000* 06T ‘0T 000*0TH 0T 0°%1 ooo.H¢_ 008" 29 wi | ¢
000*0£1*0T 000*042°0T 2761 05462 | 058 ‘29 LYo | ¢
000 0%% ¢ 0T 000°09¢°01 0°91 008°s¢ 008 ‘LS W ou | ¢

. 1 H

i 000°‘0sg 0T 00004 01 0°8T | 00s‘eg 002°8S | scle

| | i
000°082°0T 000035501 | 0°S w 008"S¢ 00895 | o5 2

i _
000°0%¢‘ 0T 000°04G* 0T G*9T _ 008°‘9¢ 00g*Ls! 8% m g
. 1 w i
000°04S 0T 000 08G 0T! 000044 0T {000 024 0T} S°9T m et oot‘sel oostey | 009‘osl oovtes b B L T
000025 *0T!000' 0TS 0T; 0000224 0110001029 0T | §°9T | 8T | 00s'og! 0OF‘Ty | 00S°SSi 008°8S | 4T | T
9sJsa Teutpny ! 3SISA T {BUIDNG | 5548A TBUIPUY ! oSJds4A ITEUIpn) SSJIoAl [PUTDPTY "o | 907
~SUBIL -1SuoT | -sweag —-13uoT _lmﬂdha -12u0T| -suweay| -1JuoT | -SUBLL -15u0T | -334§ *
(Futbs xad *qy) “ A.gﬂ.wm.nmm qr) | A..mew 1oC) I(*utr-bs Jed *qi):("ut-bs xod -qr)!
cur*bs xod °qy ooo.omw.nH.Wm xod *qT 000°'S _ qutod ! Y33ueIqs ﬁ

! JO SsSBI9S B 3R m JO sseljs ® 1% | ssyour g Uurt m pretd i @1isuay 1B1I298R

{ snInpow 4Uedas _ STLTVPOW 3U808§ m U0 T3BFUOTE | 8T ISusy w aqewIt T

| £37014SBTE Jo SUITPON M | i

SYZANITAD CETIVA-NIEL NO SISTI HIONTYIS NI dESQ NIWNIVEAD IZEHS 40 SHIZ¥EIOEd "I FIdVl




¥,A.C.A. Technical Note Ho. 427 Fig.l

50000
Yield point~\ _
o
40000 — =" |
]
ol
o
@ 30000 =] A — 1 - -
=
Q
£,
o
~i
62qmo -- — - f -
5 / !
1]
D
5 /
10000 =7~ / S N I
/ |
A -
0 .002 .004 .005 0 11.0 10.5 10.0 9.5
Strain, in. per in, -.0001 +0001 Secant modulus
Difference in stress) 11-
gtrain from a strain/’
strain=Stress lion 1b. per
107 £qQ. in,

Fig.l Stress - strain curve for sheet duralumin 0,01l inch thick
parallel to the direcition of rolling.



W.A.C.A. Technical Note No. 427

50000

40000

. in.

330000

20000

Stress, 1lb. per

10000

Fig.2

Fig.2

Yield

VAR TR U S
.002 .004 005 1 o | 11.0 10.5 10.0 9.5
Strain, in. per in. -.0001 +,0001 Secant modulus
ifference in (stress) mile
strain from a strainl'
strain:stress lion 1b. per
107 sq. in.

Stress - strain curve for gheet duralumin 0,011 inch thick
normal to direction of rolling.



N.A.C.A. Technical Note No. 427

Pig. 3

L L

n to

—

" Fig, 3 Loading

rsion

A/



¥.A.C.A. Technical Note No. 427 ) B Tg. 4

9

Fig. 4

Photo-
graphs of
cylinders
after

failure,

-= 3.0




Fig.b

W.A.C.A. Technical Note No.427

*SIOPUTTAO 3I0US pue SUOT J0J SOAIND UOT}BULIOISD-PeOT G FTd

SIOPUTTLO 1I0YUS sIepuriLo Fuog
UOT}BULIO IS uojewIO IO
%
OTSUTIM 3SITT 9B PROT-A. 5 / oTMUTIA |
peol 48317 1% PeoT
/

e = //////(\\\
oxuttey 4e peoyl Nl —— -

eanTTey 3€ PeoT |

peoT



s bl R
by W |
— :

Fig. 6 Apparatus ‘showing dial gauges
used to measure the twlst of
the cylinder between bulkheads,




Fig.?

¥.A.C.A. Technical Note ¥o.427

*Z0PUTTAD JO SOUSIOJUMOITO UT SOTHUTIM JeeUS JO ISQUME L ST

x
OT4BI SnIpRd \ﬁmsQ.m ' T

0°g Sy 0% g°g o'g ¢ g 0°g g'1 0°1 g*0 0
. L
| . g
d s ]
= oeels W
OFa 1
w .
. w T
| | 1 ,
NI S roruh, jsTd roddr- NN
o%«.‘._” = T| ‘oTjex lsseworul \md.wm,mm oqeutzoxddy / a/yw/l‘ -
PN
_ “ " “ /av/ c
| . ._ : |z %
_ | e R 3
L || eevt o3 39T 0T X m AN\ G2
.| | 89 03 206 06T & _ %%
| 24 ©% 899 oet + Y
m 004 03 029 gL O | \
| _ 2Ly 0% 5% S*4 v | + b e
11 weg 03 ees G4 o ! : \
R $S0WPOTYY /SUTPRH | TUTSTTPRE _ x
T ST T | |
_ ., ~ _ j w ﬂ _ i _ : X —

] i i |

o1

S JO Joqumy

Joputifo joO
UTJIM I8l

92USIOJUMDITD UT SOTS



[s¢]
Y]
e

=

N.A.C.A. Technical Note ¥o.427

o0y 1= m.
ove= I

*JIopuiTdo JO SquUBuRTe

DUR SOTIUTIM JIBOUS Usemjeq oTduy g°ITF

) . 089= u ¢ a u " ‘o
" y u " ° ogv= » * " u M ‘q
f0T3BI SSOUTOITY \mﬁ.mdmu.,xonm&:d O = w. ‘017l SSOUNOTUY /STTpRL eqewrxoxddy ‘e
I
0T3BI SnIpel \ﬂpwnm._” .ﬂ
¢y 0% G'E o'g sz o® g1
T T i !
t !
| | |
‘ T
H _M : —
' _ H H
| |
v o " i
b, /!l:/w‘
w — dﬁ/f ~
| 7.
| o
, |
| |
! .
!
L
]
_ !
[} w - IM
_ | ! | |
m i L “ i |
82%T 0% 941 0°s1 £ 00L 0% 029 G 4 ©]
B96 03 ZC6 0°S1 A gLy 0} 2GY S 7
124 0% 859 0°G61 + FCL 0% B2 G4 |
SSeUwOTY} /STIpey “Ul‘sSnIpey SS8I[0TU} /STNIPed Tut‘snipey

) sgoJBep ‘IepullTho JO
SAUSWSTS PUR SOTHUTIM JBOUS U&OM]8q oTFuy



ig.

Technical Wote No.427

N.A.C.A,

*oInTieI Je ssolajs Furreeys 6°I1d

00FT = u ° u u I ”m
Ov6 = u ” n I n n ..c
089 = u " u u 4 0
09% = n ¢ 0 u " ‘q
1075 HW ‘o1l mmoﬁﬂoﬂp\mﬁ%ﬁu orewtxoxddy ‘e
he
01%8I STIPRI \ﬁmcmﬂ ¢ T
0°G Gy 0% * % Q'L G2 0°c S'1 0°T 4 S0 0
| _ v_AI.LIm.LA;H .
¥ —}— =R xa
] ! i X
| s S B Y
T ; I S T S M N T o
| i == | RS SN
| — _ T ——
Tt | T \
/L./// /y/ £ 00*%
. :
AN /q
N\ / 009
: 5
1 | g 00‘8g
8STT 0% $O2T 0°CT % /
896 03 205 0°G1 A
_ Tes 0% 859 | 0°GT + /
| 00 ©3 029 S'. o 00 01
| 2Ly 0% €St | S v g
! $G2 03 622 | lgta ™
| SSOUNOTUY /STppey  |"UT‘Suipey |
_ i J | ! | L i 000'2T

*ut -bs/'q'[‘ssa.zqs FurIesys

/7



Fig.10

0.427

1

ad

LA.,C.A. Technical Note I

T

|

*eInTTRI 3% SSoI38 JurIeSySs JO oFejusored e SB OTMUTIM 4SITJ 3B $80I38 Jurxeous O1°ITd

amites 3®

§S0148 JO qued xod ‘STSUIIA 3SITJ e SSoI385

I
0T1BI STiped \.ﬁmaoa ¢ T
0°g Sy 0% g°g 0"z gz oeg S°T 0°'1 G*0
. |
— u pumm— - B
S S -
i ]
“ ° 1
i I
m i L %o
! 1 F—x
i < XKl x
. m s} @w x— X o
_ ! H i o @
: __U t _ .|— M IS m ® w + +
| T ! I S S 3
m Q _ i [ lv.k.ﬂ.l M M 1'0. \.Fi
w _ m " w 4% | _ % ~ 8 a
| ; _ i { : @— L ; + & " 9 J|
8Z¥T ©°% $921 0°'GT x 004 03 029 S 4 0
896 03 206 0°c1 o} gLy 0% 2GSy - G4 v
T34 ©% 8G9 0°G1 + PG ©3 628 G ]

SSOWIOTYY [SHIPRN  WI‘Snipey SSOUNOTYY /SNIPBY  “UT‘SnIpey



Fig.11

1500

/7

9 1000 1200

700 8

¥.A.C.A. Technical Note 1o0.427
.00100

! 1 ' ; : ! . i
A_Y i 1] | = % i OH o -
- 1 { R i i TGS
OS%%OOSS?OBSO_OOOOOO_ _ L A Pl
L] - . . L ] L] - L] - > - - L] * - A i L '. W ! ¥ _ ! .\_ “
o 111129~2345w | : \»m\ \_ \.\\ ;_ — \H\\ H1~\.\_ﬁ—e 1
oRX OO Ox ol O Q0de @8+ _\4\_ A i I S | 2
! i | RRN f _\\ \\ ! w 2
i ! P _ ! Lo . ’
_ R ; L\ Ve “\\- %N\\_\ _ 8
t H T H i #* ! H ] ]
_ T A A R A
04— - AT A T O 15
i i +34. i ! | ) H_\ P %\\ A M P -
pd | Pl \p\ e \_\_ ! ot \_\ i i 8
1 T L e 27 A iy
H ] L GRS w ] g e
” m __ | x7 VNM__\ K\\ @ ﬁ v \m .\\\ l .TScﬁuE
. T R Pl A_Vw/ou\_\lﬁl R \M‘ _ =
d 1 v lﬁi ‘||K Nqu >3 .. “A L«m\m;ﬂi o.@ B e aaran: masa le..lvllw!v - l..!.;v.ot..lo.l 14
. 1 L T g - Vol < L RE | > .
| 8 r\ , A LS A i B K
; “ e v 4.*....”.!..«1 ; i R . s T3
H A 1 i - 4
| & | _\ X\ A | | g
el © ‘\ﬁ NN S \\ . \\ - _A:.L\l._i N B i } - _ r...mlfr
| 2l P |
: ol P 0 | A A A : - 4.dm
- iy T T A I B . _ ! =o]
Tt + T L@ 7 75D 1 T izl
m p *f.\a\> WV\. . 4 A . & # 1 1 i 16
. S R a7 5 I . i g x\d_, | I o
LN Y { T IV | P
o AT A BZAmp’ w
: i ‘ . 1
T iy 72 50 0 e 0 B TR
x + g TP T T A\AV jo B A “ ! _ L A. _ 8
IR A BN | + ] I U A A R O B
m ! oo ! i ! i | 4 _ i |
i _ H b ! ; ; — _ I [ i i : 1 :
2 2 3 8 3 3 8 3 2 8 3
= 8 8 § 8 2 3 28 8 §
] S S S S S e S & O o

600
radius-thickuess retio

by




Fig.l2

W.A.C.A, Technical Note No.427

"013el suTped fusduel WATA SY Jo uoTjerIEA RT'IIL

82%T 03 $XT 0'GT X 004 0% 029 G4 o
P96 03 206 0°GT o 24y 0% 25¥ G4 v

124 0% 8G9 0°'GT + ¥Ge 0% 62% S'4 W]

mmoaxownp\msﬂddm surpey mmoﬂxoﬂﬁp\mﬁﬁddm snTPey
I
0T}el STIpeI \dﬂwmmﬂ ¢ T
0°G 1 7 0% Gg°'¢ 0°% g*'e 0°2 G*'T 0°'1 g*'0 0
T
S0
.ﬂl!r! ww
B
4+ O[/.‘x
9 w 0'1
v..// m
| —4
>
m AA... S'T
3 A0 s
mm.HAnv _Sg i bl
=S \
=X m. 0°zg
¥
ux G2
g
] 0"z
e




